Electroantennogram (EAG) data reflecting response spectra of male pheromone receptors have been analyzed for 16 species of Noctuidae (Lepidoptera). The test compounds included 100 phero mone analogues, altered in chain length, in position and configuration of double bond(s), and in the functional end groups. On comparison of amounts of substance required to elicit an equivalent EAG response, a single compound was determined to be most effective on a given species; these structures, either known or proposed as the natural sex pheromones of the species, were cis-1-dodecen-l-yl acetate, cis-7-tetradecen-l-yl acetate, cts-9-tetradecen-l-yl acetate, Jrarcs-9-tetradecen-1-yl acetate, cis-ll-hexadecen-l-yl acetate, cis-9, *rans-12-tetradecadien-l-yl acetate, c£s-9-tetradecen-1-yl formate, and cts-9-tetradecen-l-ol, respectively. Elongation (shortening) of the chain by 1 or 2 methylene groups, the movement of a double bond 1 carbon from the optimum, a change to the opposite geometrical isomer, or the introduction of a second double bond invariably reduced EAG responses to 1.8 to 56 times below that observed with the most stimulating compound, in all 16 species. Further alterations in chain length or in double bond position caused even greater reduc tion in activity, as did certain changes in end group (Tables I and II) .
The Noctuidae comprise about 25000 species. In this family of moths, sex attractant pheromones pro duced by the female have thus far been identified for ten species; the reported main component is cis-7-dodecen-l-yl acetate for two species of Plusiinae 2, cis-11-hexadecenal for two species of Heliothidinae3_5, and czs-9-tetradecen-l-yl acetate, cis-9, trans-11-tetradecadien-l-yl acetate, cis-9, trans-12-tetradecadien-l-yl acetate, and 2/Yms-9,ll-dodecadien-l-yl acetate, respectively, for six species of Amphipyrinae6-11. It is likely that related structures will be found in other noctuid species, considering results of field attraction studies 12~16. We have con centrated upon the Noctuidae in studying specificity of pheromone receptors in male Lepidoptera.
Differences among species in properties of these receptors should become evident from testing, electrophysiologically, the same appropriate set of com pounds under the same conditions of stimulation. It seemed reasonable to start such a study by recording the electroantennogram (EAG)17, a slow potential assumed to arise from many receptor cells. EAGs were recorded from approx. 2 0 0 noctuid species 1 8 representing the 15 subfamilies19 which occur in Central Europe, and a few extra-European represen tatives of the family. The test compounds were de rived from the six structures mentioned above; they varied in chain length, chain branching, the configu ration and position of the double bond(s), and the nature of the functional end groups. In addition to the synthetic compounds, excised pheromone glands (or their extracts), containing the natural phero mones of the test species, were included in the EAG measurements.
During the course of these studies, the fact was discovered that differences between species in chemi cal structure-response relationships were strictly governed by certain rules, applying to all the species investigated. This is illustrated here by considering the responses of a total of sixteen species of Noctuidae with regard to two groups of pheromone analogues: (1 ) fifty aliphatic acetates, varying in chain length and in position, configuration, and number of the double bonds (Table I ) ; and (2 ) fifty cis-9-monounsaturated compounds, differing in their end groups (Table I I ) .
M ethods
About equal parts of this series of analogues were prepared by the laboratories at Beltsville and Er langen, respectively. The samples were at least 95% pure.
The experimental arrangement used in the electrophysiological measurements was essentially the same as in earlier studies with Bombykol isomers20,21. Air currents (100 cm/sec), passed over known quan tities of substance (hereafter referred to as the sti mulus source), were directed on the antennal pre paration for 1.0 sec. With other experimental con ditions constant, the quantities were increased from 1 0 " 6 to 1 0 2 jug during the course of the experiments, which consisted of two successive series (A, B ).
A.
As the natural sex pheromones were chemi cally-unknown for most of the test species, it was first necessary to single out, by systematic screening, the molecular structure most effective on male re ceptors of the respective species. About 600 phero mone analogues were available for these measure ments. Evaluations were usually made at 0.1 jug (amount at stimulus source) and the most effective compound defined as the one which elicited the highest EAG amplitude at this stimulus amount.
B.
The second series was directed at classification of structural analogues according to their relative effectiveness. As will be pointed out below, activity classes are defined in terms of the reciprocals of the half log amounts [jug) required to elicit equivalent EAG responses. There are three features of the measurements which are particularly relevant to the level of confidence of this half log classification:
1. To eliminate errors due to time-dependent changes in the responsiveness of the preparation, reference stimuli were presented throughout the ex periment. The known sex pheromone of the test spe cies, or the most effective substance (s) determined under A., served as the reference compounds. Test stimuli (amounts of an analogue) were compared only with the immediately preceeding and following reference stimuli.
2 . For each such comparison (test stimulus vs reference stimuli), the boundaries between the half log activity classes were determined as follows. Two amounts of the reference compound were presented at the ratio of 1 : 1 0 ; the amplitude difference of the EAG responses was quartered, and the class bound aries were set 1 quarter above the lower and 1 2n mV Table I ) .
quarter below the higher of the two amplitudes. The test stimulus which elicited an EAG response falling in the interval between the two amplitudes was classified accordingly; i.e., as belonging to the class of the higher reference amount, or the class of the lower amount, or the intermediate half log class, respectively. This procedure was executed for each individual test stimulus.
3.
For a given analogue, these comparisons were usually conducted at three decadic steps of stimulus amount. The number of measurements necessary to obtain a certain confidence of classification de pended on how often the test compound fell into the same class. The desired confidence coefficient of classification of > 0.9 was reached, e. g., when 5 out of 6 , or 8 out of 10, or 10 out of 15 measurements fell within the same class range.
A typical sequence of measurements and the re sulting classification are shown in Figs. 1 and 2 .
Throughout this report, the efficacy of a given compound on a given species will be expressed by a single activity value. These values represent the half log amounts (/ig) of test substance which elicited the same EAG amplitude as 0 . 0 0 1 jug of the most effective (standard) compound. For the sake of con venience, amounts 1.8 to 5.6 times higher than 0.001 /j,g will be presented as 0.003 jug, those 5.6 to 18 times higher, as 0.01 jug, etc. The total of the activity values for a given species will be referred to as its response spectrum.
R esults
In each of the test species, only one compound (indicated by the value 0.001 in Tables I and II) was found to elicit the maximum EAG response. Of six hundred structural modifications, the following eight showed this effect with one or more of the six teen species: czs-7-dodecen-l-yl acetate, czs-7-tetradecen-l-yl acetate, czs-9-tetradecen-l-yl acetate, trans-9-tetradecen-l-yl acetate, czs-ll-hexadecen-l-yl ace tate, cis-9, trans-1 2 -tetradecadien-1 -yl acetate, cis-9-tetradecen-l-ol, and cis-9-tetradecen-l-yl formate. In the case of Trichoplusia ni and Spodoptera (Prodenia) eridania, this most effective structure (cis-1-dodecen-l-yl acetate and cis-9, trans-12 -tetradeca dien-1 -yl acetate, respectively) is indeed the same as that produced by the female117. In Heliothis zea, ciÄ-9-tetradecen-l-yl formate22 (a structure unknown as an insect pheromone) is approx. 30 times more effective than the reported pheromone constituent, cis-ll-hexadecenal 3' 5. There is so far no report on the identity of the natural pheromones for the thir teen remaining species.
Statements concerning structure-response relation ships will always be made relative to the single most potent compound, considering first those species in which this compound is mono-unsaturated.
Isomerism and chain elongation
In all those species, the opposite geometric isomer is between 1.8 to 5.6 times less effective (value 0.003 in Table I ). With regard to positional iso mers, the efficacy is generally observed to decrease on shifting the double bond from the optimal posi tion; the decrease is between 1.8 to 56 fold when the double bond occurs at a position one carbon from the optimum, and may be, in certain species, as much as 3000 fold for the most extensive shift (c/. Acosmetia caliginosa [Amphipyrinae]; Table I ) . Al tering the chain length by two methylene groups re duces EAG activity by approx. 10 to 100 fold, in all the species (Tables I and II) . It also seems to be characteristic that the configuration of the double bond found in the compound listed at 0 . 0 0 1 is pre ferred also at the other double bond positions; thus, A. caliginosa prefers trans over cis, whereas the other species prefer cis over trans, throughout the response spectrum (Table I) . However, even if two species respond maximally thus giving rise to response spectra which are not to the same compound, there may be a considerable identical. This may be inferred, from Table I ) .
Optimum position of the -C = C -double bond
A rule can be deduced from the results of chain shortening and elongation: Generally, the loss in activity is least when the alkyl portion beyond the -C = C -double bond remains constant.
This becomes evident by comparing the most effective position of the double bond in an altered chain with the position of the double bond for the compound listed at 0.001 in Table I : In order to elicit maximal responses following elongation of the chain by two methylene groups, it was necessary to shift the double bond from position 7 to 9 with Trichoplusia ni, Pachetra fulminea, Syngrapha varia bilis, and Amathes candelarum, and from position 9 to 11 with Panolis flammea, Hyssia cavernosa, and Acosmetia caliginosa. Following reduction of the chain by two methylene groups, the most effective double bond position is found to be shifted from carbon 11 to carbon 9 with Monima gracilis and Chersotis multangula. Tridecen-l-yl acetates and pentadecen-l-yl acetates (not included in Table I) generally were most effective when the position of their double bond was intermediate between the optimum positions for the two adjacent even-num bered acetates 18. Thus, defining n as the number of methylene groups between the terminal methyl group and the -C = C -double bond, and m as the num ber of methylene groups between the -C = Cdouble bond and the ester group CH3-(CH2) " -C H = C H -(CH2) ot -0 -A c , (1) the influence on olfactory activity of any modifica tion in chain length generally was more pronounced on altering n rather than m.
This rule was found, during these studies, to be applicable to a number of lepidopterous families (in cluding Notodontidae, Cymatophoridae, Drepanidae, Cochlidiidae, Zygaenidae, Cossidae, Aegeriidae, Yponomeutidae, Gelechiidae, Pyralididae, Geometridae, Saturniidae, or Lasiocampidae) 1 8 in addition to the Noctuidae; it does not appear to have been noted before.
In view of this principle it is noteworthy that sex pheromone structures of closely-related species often appear to differ only in the m portion of the chain. Within various noctuid genera including Chersotis (Noctuinae), Cosmia (Cuculliinae), Polia and Orthosia (Hadeninae), or Apamea, Oligia, and Arenostola (Amphipyrinae), some species were found to be most responsive to czV9-tetradecen-l-yl acetate whereas other species of the same genus preferred cis-ll-hexadecen-l-yl acetate18. This suggests that a change of two methylene groups at m, with n con stant, has occurred repeatedly during the course of evolution of this moth family.
Introducing a second -C = C -double bond
Of the six structures thus far reported as major components of female pheromones of Noctuidae spe cies (see page 283), three are doubly unsaturated. Thus, a mono-unsaturated compound can only be regarded as the most potent for a given species after the effect of double unsaturation has been carefully investigated. This was attempted by keeping chain length, end group, and one -C = C -double bond constant and introducing a second -C = C -double bond, either cis or trans, at varying positions.
This kind of study is about to produce increasing evidence that, for the majority of the 2 0 0 noctuid species investigated, more than 1 double bond will be required in order to duplicate the outstanding EAG effect shown by the natural sex pheromone (as derived from the female gland). A 10 fold increase in EAG activity due to an additional trans double bond is seen, e. g., in the response of Spodoptera eridania (Amphipyrinae) to cis-9, £raras-1 2 -tetradecadien-l-yl acetate (Table I) , the major compo nent of its female sex pheromone 7.
With the 15 other species listed (Tables I and II) , however, introducing a second -C = C -double bond consistently lowered the EAG response.
Replacement of the -C = C -double bond
Whereas the conversion to the opposite geometric isomer reduced EAG activity only between 1.8 to 5 . 6 fold (see above), replacement of the double bond by, e.g., a -C = C -triple bond, a -C -C -A . single bond, or the -C -C -epoxide resulted in a 100 to 3000 fold decrease in EAG activity with the noctuid species considered here. This is the same order of magnitude that had been observed after maximally shifting the double bond from the opti mum position (see above).
Side chains
These effects were investigated by keeping chain length, double bond(s), and end group constant and introducing, at varying positions, methyl, ethyl, or propyl branches. The observed reduction in EAG activity was consistently small; e. g., introducing a methyl or ethyl side group at carbons 11, 12, or 13 of a « 5 -9 -monounsaturated acetate usually reduced its potency by only 1 . 8 to 5.6 fo ld 18. No noctuid species was found for which a branched chain was more effective than the unbranched chain of same length.
Varying the functional end group
All the compounds listed in Table I are acetates, the structure eliciting the highest EAG responses with all the species mentioned thus far. The effects of formates, propionates, butyrates, alcohols, ethers, aldehydes, acids, and acid esters, in comparison with the corresponding acetate, are presented for eight Noctuidae species (Table II) . In these com pounds, the double bond is constant at cis-9, where as the chain length is varied between 1 2 ( 1 1 ) and 16 (18) .
On comparison of any two of these end group variations, the activity values shown by a given species can be observed to be in a constant pro portion, almost unaffected by variations in chain length. E .g., in Polia pisi (Hadeninae), the acetate: formate ratio remains at approx. 30, and the ace tate: propionate ratio at approx. 1 0 , when n in Eqn (1) (i.e., the number of methylene groups be yond the -C = C -double bond) is varied from 1 to 5 (Table II) . For the eleven structures and eight species listed, these ratios range between 1 and 1 0 0 0 (Table II) . Four of these species (H. cavernosa, P.nana, P. pisi, C. umbratica) responded maximally to cis-9-tetradecen-l-yl acetate. Of these, Hyssia cavernosa (Hadeninae) and Cucullia umbratica (Cuculliinae) show an almost identical set of activity values in regard to the varied end groups (Table I I ) . More commonly, however, among species maximally re sponsive to the same compound these patterns dif fered appreciably; e.g., the acetate: alcohol ratio is 10 in H. cavernosa and C. umbratica, but 30 in P. pisi, and 100 in P. nana (Table I I ) . Thus, in addi tion to alterations of the hydrocarbon chain, as seen in Table I , varying the end group is another means of disclosing subtle receptor differences among spe cies which seem to share the same pheromone.
The preferred end group is subject to successive evolutionary change. The often-observed 1 8 acetatealcohol transition is exemplified by two species of Cucullia (Table II) . Formates, not previously re ported as insect pheromones, proved in this study to be most effective on various noctuid species in cluding the com earworm, Heliothis zea (Heliothidinae) (Table II) . Certain other structures such as ethers and acid esters (Table II) , or ketones (not listed), all unknown as lepidopterous pheromones, elicited moderate EAG responses with many test spe cies; however, no species was found in which one of these structures was the most effective. Acids, on the other hand, were least potent with all test species. Summarizing the end group preferences found with Noctuinae, Hadeninae, Amphipyrinae, Cuculliinae, Plusiinae, and Heliothidinae (the six noctuid sub families considered here), the acetate was the most common structure, followed by primary alcohols, aldehydes, formates, certain other esters, and olefins, successively 18.
It should be noted that although the above re marks concerned only the czs-9-unsaturated ana logues, about the same ratios of activity values among the end group structures were observed18 within the series unsaturated at the cis-7, the cis-8 , the czs-1 0 , or the cz's -1 1 position, respectively.
When elongating the acid moiety of the alcohol esters by one-carbon units, each step changed EAG activity between 1.8 to 56 fold (cf. the values listed for formates, acetates, propionates, and butyrates; Table I I ) . This is the same order of magnitude which was observed (see above) after the hydro carbon part of the test compounds had been elon gated by 1 methylene group.
Discussion
Electroantennogram (EAG) data reflecting the response of pheromone receptor cells have been presented for males of sixteen species of Noctuidae (Lepidoptera).
In each species, only a single compound was maxi mally effective; the other compounds required be tween 1 . 8 to approx. 1 0 0 0 0 times higher amounts, to elicit the same EAG amplitude at the same con ditions of stimulation (values 0.003 through 10 in Tables I and II) . It seems reasonable to ascribe this outstanding effect shown by a single molecular struc ture to an optimum combination of submolecular features (such as chain length, double bond position, or end group). Thus, by changing one of these parameters systematically while keeping others con stant, we attempted to assess its contribution to the total effect. By this procedure, EAG response spectra were produced, sections of which are shown here (Tables I and II) .
Discussion will focus on the use of such data a. for disclosing structural properties of as yet un identified pheromones, b. for describing phenomenologically the similarities and differences in recep tor responses among species, and c. for calculating physical properties of underlying acceptor struc tures, Also, the relationships between EAG ac tivity and behavioural activity will be briefly con sidered.
The most effective compound
In the Lepidoptera Heterocera (commonly re ferred to as moths), all EAG studies thus far re ported support the conclusion that certain male re ceptors are maximally responsive for the pheromone of the conspecific female; this refers to cross-check ing female gland extracts21, 2 3 as well as to com paring a synthetic pheromone with its structural derivatives. Consequently, EAG responses to altered compounds offer valuable indications to the struc ture of as yet unidentified pheromones, a tool suc cessfully employed by Roelofs and his coworkers with various species of Tortricidae13,16. This method has proved equally fruitful in the present family, the Noctuidae.
Once the identity of such a structure has been suggested, it may then be further corroborated, or eventually disproved, by a variety of techniques. Here again the EAG provided a promising new method; it is based on exposing, in parallel, both the candidate chemical and the natural pheromone extract to the antennal preparations of an array of moth species, thus using the discriminatory powers of the different receptors for detecting differences in the composition of the two stimuli. Indeed, by this method, most of the suggested identities were easily disproved. With regard to the sixteen species men tioned in this report, it is noteworthy that the com pound listed as most effective (value 0 . 0 0 1 in Tables I and II) and the respective natural female pheromone both elicited roughly the same pattern of EAG responses 18. Moreover, when two or more spe cies responded maximally to the same compound (Tables I and II) , it was satisfying to find that their natural pheromones showed full interspecific EAG effectiveness when cross-checked quantitatively 21, 23. Nonetheless, we emphasize the distinction between a pheromone structure thus suggested, and one identi fied by chemical analysis.
Differences and similarities in EAG response spectra
By modifying, stepwise, the most effective com pound, response spectra were obtained (Tables I  and I I ) .
When considering these EAG activity values, it must be borne in mind that they reflect amounts of substance at source (over which a defined air cur rent was passed onto the antenna). The values thus do not indicate relations in amounts leaving the source, adsorbed on the antennae, or conducted to the target areas at the sensory cell membrane. These factors must be considered when using the data for an attempt such as to derive underlying acceptor properties (see below). However, as the stimulatory arrangement was identical with all the test species, several statements may be made on the basis of these activity values.
As can be seen, a comparable structural modifi cation (such as the shifting of the double bond by 1 carbon) affects EAG activity within the same order of magnitude, in all the test species. More over, rules governing structure-response relation ships could be attributed to all species using a similar type of pheromone (such as a monounsatu rated ester) ; one of these rules concerned the opti mum position of the double bond in relation to chain length (see page 288), and another one the ratios in responses to varied end groups (see page 289). Such rules, all reported here for the first time, suggest that a homogeneous population of olfactory acceptors (as opposed to a heterogeneous one) determines the EAG response, in each species (see last chapter). Governed by these rules, two categories of response differences among species could be defined; the one includes species which use different pheromones whereas the other category is of species for which the same compound is most effective.
The first category is well known and implies that any change in the main component of the female pheromone is concomitant with a change in the maximum responsiveness of certain male receptors. Not hitherto recognized is the second category. Here, species respond maximally to the same compound, yet differ appreciably in their response spectra (see page 287 and 289). This indicates that in category two the pheromone acceptors are also species specific.
Electroantennogram response and behavioural activity
When presented under appropriate conditions, the single synthetic compound producing the highest EAG usually is found to elicit behavioural responses in the male typical of the natural pheromone, i. e. increased motor activity, attraction towards the sti mulus source, and/or precopulatory behaviour. There are noctuid species in which all of these be havioural steps can be activated by increasing amounts of the same single compound, such as cis-7-dodecen-l-yl acetate in the male cabbage looper ( Trichoplusia n i)1,24>25. With certain other noctuid species, secondary (synergistic) pheromonal com ponents are required in order to elicit the full se quence of behavioural events. Even in species in which such tests have not yet been undertaken, the EAG data often suggest that the species would fit into a pattern already known for a taxonomically closely-related species: e.g. in Amathes candelarum (a European species), the most effective compound, cis-7-tetradecen-l-yl acetate (Table I) is the same as reported 1 2 , 1 3 to be specifically attractive for certain North American representatives of this genus; the same holds true for certain European and American species of Cucullia, Folia, and Apamea in response to «s-9-tetradecen-l-yl acetate and czs-ll-hexadecen-1 -yl acetate, respectively.
On the other hand, no generalization with respect to behavioural effects can be made for the various analogues which elicit high although not maximal EAG responses. In certain non-noctuid species not only were such compounds found to activate be havioural responses similar to the natural phero mone, but also the amounts necessary to produce a defined behavioural event roughly corresponded to those used in EAG and single cell measurements; examples include the silk moth (Bombyx m ori) 20, 21 (Bombycidae) and the gypsy moth (Porthetria dispar) 2 6 -3 1 (Lymantriidae). This pattern has so far not been found in any noctuid species. Here, usually several pheromone analogues were also effective behaviourally but to a much lesser degree than would be expected from the EAG data (i. e., to give an equivalent response, a certain analogue may require, say, 1 0 times the amount of the natural pheromone in the electrophysiological but 1 0 0 0 times in the behavioural test). This is the pattern reported, e.g., for the cabbage looper ( Trichoplusia m')32-37. It indicates that equally high EAG ampli tudes must not necessarily imply equal sensory input.
Moreover, there is evidence that not all types of olfactory receptor cells responding to pheromone stimuli contribute to the EAG. In Trichoplusia ni, the female sex pheromone (czs-7-dodecen-l-yl ace tate) consistently elicits the highest EAG whereas the corresponding alcohol (not reported as being produced by the female) required approx. 1 0 times higher loads to give an equivalent EAG response (Table I I ) . A mixture of the two at the ratio of 95:5 elicits male EAGs not statistically different from those produced by pure as-7-dodecen-l-yl acetate39. During field tests, however, the same mixture at tracted only ?>% of the males in comparison to the same amount of pure acetate 39-41? indicating sen sory information in addition to that reflected by the EAG. In fact, during the course of single cell record ings from sensilla trichodea in male T. ni (to be published), the most abundant cell type showed a response spectrum consistent with the EAG, whereas another type of cell ('alcohol receptor') was more excited by the attraction-inhibiting alcohol, than by the pheromone 18,41,42. (It is noteworthy that this alcohol is the reported main product of enzymatic degradation of the pheromone by male antennal proteins 39,43,44.) This is similar to data recently found in the gypsy moth (Porthetria dispar). The sex pheromone of this species is 2-methyl-cz.s-7,8-epoxy-ootadecane45. Also present in female gland extracts is the corre sponding olefine, 2-methyl-czs-7-octadecene, the pre sumed pheromone precursor 45_48. There was close correspondence between the EAG and the single cell responses to 55 related epoxides 26-30. For most cells, this correspondence was also found with the olefine; however, a few cells ('olefine receptor') were detected 2 9 for which the olefine was even more excitatory than the pheromone. As in the case of the behaviourally-inhibiting alcohol in the cabbage looper (see above), the olefine by itself elicited almost no observable behavioural response, yet strongly reduced male attraction when traces of it were added to the pheromone 28,45_47.
The above examples illustrate some of the pitfalls one may encounter when trying to predict pheromonal behaviour from limited electrophysiological information.
Pheromone molecule-acceptor interactions
The electrophysiological data reported here pro vide a basis for calculating physico-chemical proper ties of acceptor structures underlying the response. Several tentative conclusions on the possible mode of action of the test compounds may be made al ready on the basis of a phenomenological examina tion of the activity values. Although only a single compound was maximally effective in a given spe cies, the majority of the other structures showed equivalent efficacy after the amounts were increased only 1.8 to 56 fold (values 0.003, 0.01 and 0.03 in Tables I and I I ) ; this points to a broad mutual affinity for the acceptors involved. Also, it is ob vious that certain kinds of structural modifications (e. g., the conversion to the opposite geometric iso mer) affect EAG activity to about the same extent in different species, whereas for certain other kinds of modifications (e. g., positional isomers) the activity ratios are subject to variation among species. To determine the exact role of the spatially-arranged electron densities and mobilities in producing the activities measured electrophysiologically, electronic properties of test compounds had to be related to those of a hypothetical counterpart, using simplified models of pheromone molecule-acceptor interaction.
Kafka and Neuwirth have applied 49,50, to com pounds and receptors used in the present study, a mathematical formulation appropriate to describe the electrophysiological activities in terms of binding probabilities. Their formulation is based on a threepoint attachment5 1 , 5 2 in which, in each species, the spatial arrangement of three acceptor positions cor responds to electronically pronounced positions (i. e., the terminal CH3 group; the -C = Cdouble bond; the functional end group) of the most effective compound (values 0.001 in Tables I and II) in its thermodynamically most favoured conformer. The values for electron polarisabilities and dipole moments at these three acceptor positions were then determined by fitting, for a set of test compounds, Boltzmann statistics with electrophysiological activi ties. Mathematical procedures and acceptor data are presented in their p aper50. The method was able to predict activity values for various additional com pounds in full correspondence with the experimental (electrophysiological) data.
Although their procedure rendered acceptor values of a magnitude reasonable for functional groups 30,49,50, the Kafka-Neuwirth model must be considered as a simplified, abstract approach to the actual acceptor structures. Nonetheless, it seems ap propriate in that it reduces the redundancy apparent in the electrophysiological data, delineating species differences in these data (Tables I and II) as species differences in a few spatially and electronically de fined positions in a hypothetical binding partner.
